Introduction
============

Endoscopic Ultrasound (EUS) is an extremely valuable procedure for detection, staging, and cytohistological characterization of biliopancreatic diseases. However, the quality of endosonographic image resolution of the pancreas and potential for performing fine-needle aspiration or biopsy under EUS-guidance are strictly dependent on the proximity of the transducer to the gastrointestinal lumen and to the biliopancreatic region.

An altered status of upper gastrointestinal anatomy due to previous surgery may represent a hurdle for pancreatic examination and tissue acquisition (TA), due to the theoretical difficulty in achieving an adequate scan of the pancreas or the distal bile duct. It is widely accepted that performing endoscopic retrograde cholangiopancreatography (ERCP) on surgically altered anatomy is technically difficult and associated with a higher rate of failure and complications when compared to standard procedures, especially in the case of Billroth II, Roux-en-Y and post-Whipple anatomy [@JR1823-1] [@JR1823-2] [@JR1823-3] . In addition, little is known about the outcomes of EUS in this subset of patients and only a few case series and one retrospective single-center study have been published so far [@JR1823-4] [@JR1823-5] [@JR1823-6] [@JR1823-7] [@JR1823-8] [@JR1823-9] . Moreover, in recent decades, the types of surgical interventions have gradually changed. In particular, fewer an fewer Billroth II procedures are being performed while the number of bariatric surgeries has grown.

Therefore, we performed a retrospective multicenter study in patients with altered upper gastrointestinal anatomy, with the aim of investigating the performance of EUS in satisfactory visualization of the biliopancreatic region and assessing the rate of EUS-related adverse events (AEs) and evaluating the diagnostic accuracy of EUS-TA for solid pancreatic or distal bile duct lesions.

Patients and methods
====================

Study population and data collection
------------------------------------

This was a retrospective multicenter study involving eight European centers. The study was approved by the IRB/Ethics Committee at each center (Prog. N.1921CESC, 2018.09.19).

All adult patients with a previous upper gastrointestinal surgical procedure (e. g., esophagectomy, total gastrectomy with esophagojejunostomy, sleeve gastrectomy, Billroth I, Billroth II, Roux-en-Y gastric bypass with gastrojejunostomy, Whipple pancreaticoduodenectomy, pylorus-preserving pancreaticoduodenectomy) who underwent EUS between January 2008 and June 2018 were identified from the hospitals' electronic databases of endoscopic reports and the charts of identified patients were carefully reviewed.

Cases of surgery that did not significantly alter the upper gastrointestinal anatomy (e. g., Roux-en-Y bilio-digestive anastomosis or gastric banding) or EUS performed for evaluation of other than bilio-pancreatic region were excluded. For patients with more than one procedure performed during the inclusion period, only the first attempt was included, whereas subsequent procedures were excluded.

Data about the demographics, previous surgery (indication, type of surgery and anastomosis, and year of execution), echoendoscope used (radial or linear ultrasound probe, forward or oblique endoscopic view, endoscopy brand), EUS procedure (indication, site, and visualization of the target lesion/region, visualization of the pancreatic segments, distal gastrointestinal segment reached, AEs), EUS-TA (indication, technical success, EUS-TA outcome, AEs), and follow-up (surgical resection of the target lesion, patient's outcome, final diagnosis), were retrospectively collected.

Definitions
===========

For the purpose of the study, we defined the target lesion/region as the focal pancreatic/bile duct lesion (if any) or the anatomic region to be visualized according to the EUS indication (e. g., the common bile duct \[CBD\] in case of suspected choledocholithiasis, the residual pancreatic segment in case of follow-up after pancreaticoduodenectomy).

AEs were defined according to the international lexicon [@JR1823-10] . Chart reviews or outpatient clinic records or telephone contact were used to assess AEs. Technical failure of TA was defined as inability to satisfactorily visualize the lesion or to introduce the needle inside the lesion; TA adequacy was defined as presence of a material representative of the target lesion sufficient for cytohistological evaluation [@JR1823-11] . Diagnostic performance of EUS-TA was evaluated in comparison with the final diagnosis: a) in operated patients, based on the surgical pathology; b) in non-operated patients, based on the conclusions of the diagnostic work-up (combined outcomes of tissue sampling and imaging studies), and confirmed by a compatible clinical disease course of at least 12 months [@JR1823-11] .

Endpoints
---------

The primary endpoint was represented by the percentage of cases with satisfactory visualization of the biliopancreatic target lesion/region according to the endosonographer stratified by the type of previous surgery. Visualization was considered satisfactory when endosonographers were able to visualize and to describe (i. e., to define as solid or cystic, echotexture, margins), to measure, and to define the anatomical site of the lesion, or when it was clearly stated in the EUS report that the target region (e. g., the CBD, the pancreatic head, body or tail) was completely explored.

Secondary endpoints were: 1) the percentage of visualization of the others pancreatic segments (other than the target site) according to the type of previous surgery; 2) the percentage of intraprocedural and postprocedural AEs; and 3) the performance (technical success, sensitivity, specificity, and accuracy) of EUS-TA among cases of solid pancreatic/distal bile duct lesions.

Statistical analysis
--------------------

The study cohort was described by means (± standard deviations) and medians (with range) for continuous data, and by proportions and percentages for categorical data. Chi-square and Fisher's exact tests (for cases with small expected frequencies \[ \< 5\]) were used to analyze categorical variables. Student's *t-* test was applied to compare continuous data. Diagnostic performance of EUS-TA was calculated in an intention-to-diagnose analysis (i. e., including also cases of technical failures or inadequate samples that were considered as false negative).

Statistical significance was determined by *P*  \< 0.05. All tests were two-tailed. Statistical analysis was performed with SPSS Statistics (Version 25.0, IBM Corp., Armonk, New York, United States).

Results
=======

Study population
----------------

The initial search resulted in 318 procedures. After detailed evaluation, 76 were excluded: 61 were repeat procedures in the same patient, 10 underwent surgery not altering the upper gastrointestinal anatomy (four biliodigestive anastomoses, two gastric bandings, one distal pancreatectomy, two duodeno-duodenostomies for duodenal atresia, and one Berger pancreatic head resection), and five did not have a biliopancreatic lesion (one lesion of the cardia, two liver lesions, and two submucosal gastric tumors). Therefore, our population finally consisted of 242 patients ( [Fig. 1](#FI1823-1){ref-type="fig"} ). Demographics and details regarding the type of surgery are summarized in [Table 1](#TB1823-1){ref-type="table"} .

![Flowchart of the study.](10-1055-a-1161-8713-i1823ei1){#FI1823-1}

###### Demographic and surgical features of study population.

  Feature                                                       Value
  ------------------------------------------------------------- --------------
  Sex N (%)                                                     
  Males                                                         162 (66.9)
  Females                                                        80 (33.1)
  Mean age at EUS, years ± SD                                    66.4 ± 12.5
  Surgical procedure, N (%)                                     
  Billroth II                                                    86 (35.5)
  Pancreaticoduodenectomy [1](#FN1823-1){ref-type="table-fn"}    77 (31.8)
  Billroth I                                                     23 (9.5)
  Esophagectomy [2](#FN1823-2){ref-type="table-fn"}              19 (7.9)
  Total gastrectomy                                              15 (6.2)
  Sleeve gastrectomy                                             14 (5.8)
  Roux-en-Y gastric bypass                                        8 (3.3)
  Indication for surgery, N (%)                                 
  Malignancy                                                    102 (42.1)
  Peptic disease                                                 48 (19.8)
  Obesity                                                        15 (6.2)
  Other                                                          46 (19)
  Unknown                                                        31 (12.8)

EUS, endoscopic ultrasound; SD, standard deviation

Including Whipple and pylorus-preserving pancreaticoduodenectomy.

Subtotal distal esophagectomy with gastric pull-up reconstruction.

Written informed consent was obtained before EUS in all cases. All procedures were performed by experienced endosonographers (at least 5 years of experience with more than 200 EUS/year). Deep sedation and conscious sedation were performed in 168 patients (69.4 %) and 74 patients (30.6 %), respectively. The linear-array oblique-view (EG-3870UTK, Pentax Medical, Tokyo, Japan or GF-UCT180/GF-UCT140-AL5, Olympus Medical Systems Corp., Tokyo, Japan) were the most commonly used echoendoscopes (206 procedures, 85.1 %), whereas a linear-array forward-viewer (TGF-UCT180 J, Olympus Medical Systems Corp., Tokyo, Japan) was used in 30 cases (12.4 %) in two centers. Finally, a radial-array oblique-view instrument (GF-UE260-AL5, Olympus Medical Systems Corp., Tokyo, Japan) was used in only six EUS procedures (2.5 %) in patients with pancreaticoduodenectomy.

Indications for biliopancreatic EUS were: suspected solid pancreatic lesions documented on cross-sectional imaging (computed tomography or magnetic resonance imaging) in 113 patients (46.7 %) (one patient had three lesions for a total of 115 lesions, mean size 25.1 ± 13.3 mm, range 8--70 mm), suspected cystic pancreatic lesions in 44 (18.2 %, mean size 28.7 ± 16.3 mm, range 17--60 mm), suspected choledocholithiasis in 25 (10.3 %), post-pancreatic resection follow-up in 15 (6.2 %), unexplained CBD dilation in 14 (5.8 %), main pancreatic duct dilation in 12 (4.9 %), suspected extrahepatic cholangiocarcinoma in five (2.1 %), chronic pancreatitis in 5 (2.1 %), pancreatic cancer screening in five (2.1 %), and idiopathic recurrent pancreatitis in four (1.6 %).

Target lesion/region and pancreatic segment visualization
---------------------------------------------------------

Overall, the target lesion/region was visualized in 206 patients (85.1 %) and failed to be imaged in 36 (14.9 %). The percentages of failed lesion visualization according to the type of surgery are summarized in [Table 2](#TB1823-2){ref-type="table"} . Roux-en-Y gastric bypass and total gastrectomy were significantly associated with the worst target lesion visualization rate, which was achieved in only 62.5 % and 66.7 %, respectively. Missed target lesions were localized in the head of the pancreas (HOP) in three of three (100 %) after Roux-en-Y gastric bypass and three of five (60 %) after total gastrectomy. Similarly, in patients with Billroth II resections, all (N = 17) failed target visualizations concerns the HOP, whereas in cases of esophagectomies (subtotal esophagectomy with gastric pull-up reconstruction in all cases) the failures concerned all pancreatic segments in three of four cases (i. e., the pancreatic gland was not identified at all), and the HOP in one case. Conversely, there was no failed visualization in patients with sleeve gastrectomy, whereas in Billroth I and pancreaticoduodenectomy, the failure rates of target visualization were 4.3 % and 7.8 %, respectively. No difference was observed in successful target lesion/region visualization rate using the frontal- or the oblique-view linear-array echoendoscope \[25/30 cases (83.3 %) vs 174/216 cases (80.5 %), respectively ( *P*  = 1)\].

###### Target lesion visualization stratified according to type of surgery.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Type of surgery                                               Success, N (%)   Failure, N (%)                                     Site of unidentified lesion, (N)
  ------------------------------------------------------------- ---------------- -------------------------------------------------- ----------------------------------
  Roux-en-Y gastric bypass                                       5/8 (62.5)       3/8 (37.5)                                        Head (3/3)

  Total gastrectomy                                             10/15 (66.7)      5/15 (33.3) [1](#FN1823-3){ref-type="table-fn"}   Head (3/4)\
                                                                                                                                    Body (1/3)\
                                                                                                                                    Tail (1/4)

  Esophagectomy [2](#FN1823-4){ref-type="table-fn"}             15/19 (78.9)      4/19 (21.1) [3](#FN1823-5){ref-type="table-fn"}   Head (1/5)\
                                                                                                                                    Tail (3/5)

  Billroth II                                                   69/86 (80.2)     17/86 (19.8)                                       Head (17/52)

  Pancreaticoduodenectomy [4](#FN1823-6){ref-type="table-fn"}   71/77 (92.2)      6/77 (7.8)                                        Body (3/21)\
                                                                                                                                    Tail (3/8)

  Billroth I                                                    22/23 (95.7)      1/23 (4.3)                                        Head (1/1)

  Sleeve gastrectomy                                            14/14 (100)       0/14 (0)                                          --
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------

In three cases none of the pancreatic segments could be visualized.

Subtotal distal esophagectomy with gastric pull-up reconstruction.

In three cases none of the pancreatic segments could be visualized.

Including Whipple and pylorus-preserving pancreaticoduodenectomy.

Analysis of pancreatic segment visualization revealed that total gastrectomy significantly affected visualization of the HOP in only 6.7 % of cases. Esophagectomy and total gastrectomy were the post-surgical altered anatomy reconstructions that most affected visualization of the body and the tail of the pancreas (82.4 % and 71.4 % rates of success, respectively). Sleeve gastrectomy did not affect pancreatic visualization regardless of the segment. The percentages of successful visualization of pancreatic segments according to the type of surgery are summarized in [Table 3](#TB1823-3){ref-type="table"} and depicted in [Fig. 2](#FI1823-2){ref-type="fig"} .

###### Percentage of pancreatic segment visualization stratified according to type of surgery.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Type of surgery, (N)                                               Pancreatic segment visualization, N (%)   Whole pancreas visualization, N (%)   Whole pancreas failed visualization, N (%)                    
  ------------------------------------------------------------------ ----------------------------------------- ------------------------------------- -------------------------------------------- ---------------- ----------------
  Billroth II (86)                                                   44/82 (53.7)\                             84/85 (98.8)\                         82/84 (97.6)\                                43/81 (53.1)\    1/81 (1.2)\
                                                                     4 missing data                            1 missing data                        2 missing data                               5 missing data   5 missing data

  Pancreaticoduodenectomy [1](#FN1823-7){ref-type="table-fn"} (77)   NA                                        66/71 (92.9)\                         67/70 (95.7)\                                65/70 (92.9)\    3/70 (4.3)\
                                                                                                               6 missing data                        7 missing data                               7 missing data   7 missing data

  Billroth I (23)                                                    19/21 (90.5)\                             19/19 (100)\                          18/18 (100)\                                 16/18 (88.9)\    0 (0)
                                                                     2 missing data                            4 missing data                        5 missing data                               5 missing data   

  Esophagectomy [2](#FN1823-8){ref-type="table-fn"} (19)             13/18 (72.2)\                             14/17 (82.4)\                         14/17 (82.4)\                                12/16 (75)\      3/16 (18.8)\
                                                                     1 missing data                            2 missing data                        2 missing data                               2 missing data   2 missing data

  Total gastrectomy (15)                                             1/15 (6.7 %)                              10/14 (71.4)\                         10/14 (71.4)\                                1/14 (7.1)\      3/14 (21.4)\
                                                                                                               1 missing data                        1 missing data                               1 missing data   1 missing data

  Sleeve gastrectomy (14)                                            14/14 (100)                               14/14 (100)                           14/14 (100)                                  14/14 (100)      0 (0)

  Roux-en-Y gastric bypass (8)                                       4/7 (57.1)\                               6/6 (100)\                            6/6 (100)\                                   4/5 (80)\        0 (0)
                                                                     1 missing data                            2 missing data                        2 missing data                               3 missing data   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NA, not applicable.

Missing data refers to pancreatic segments visualization not stated in EUS reports.

Including Whipple and pylorus-preserving pancreaticoduodenectomy.

Subtotal distal esophagectomy with gastric pull-up reconstruction.

![Drawings illustrating the percentages of successful visualization of the pancreatic segments in different surgery anatomies.](10-1055-a-1161-8713-i1823ei2){#FI1823-2}

EUS-TA performance
------------------

Among 113 patients with 115 solid pancreatic lesions (one patient with three lesions), EUS-TA was performed in 87 lesions. In six cases the lesion was not confirmed on EUS despite satisfactory visualization of the pancreatic region described in the EUS reports. Notably, these suspected lesions were not further reported on cross-sectional imaging during follow-up and were excluded from the analysis. In 18 lesions visualized by EUS, EUS-TA was not performed because it was not indicated for clinical reasons or a previous cytological diagnosis was available, while in three lesions, EUS was performed for fiducials marker placement and in one for lesion tattooing. Mean size of punctured lesions was 26.3 ± 13.2 mm (range 8--70 mm). Lesion visualization failed in fourteen of 87 cases (16.1 %), whereas it was impossible to puncture the lesion in five of 87 cases (5.7 %) (three lesions were judged to be too deep for puncture and in two cases, there was interposition of vessels). Therefore, the overall technical success rate was 78.2 % (68/87 cases). Five of the 68 samples (7.3 %) were defined as inadequate for cytological interpretation. The final diagnosis was established on surgical pathology in 19 cases (21.8 %) and based on clinical follow-up in 68 cases (78.2 %). In an intention-to-diagnose analysis per lesion, there were 57 true positive, five true negative, 25 false negative, and no false positives. The sensitivity, specificity, and accuracy of EUS-TA were 69.5 % (95 % CI, 58.4--79.2), 100 % (95 % CI, 47.8--100), and 71.3 % (95 % CI, 60.6--80.5), respectively.

Finally, EUS-FNA was attempted in seventeen of 44 cases of cystic lesions and succeeded in twelve (70.6 %). Two of these cysts could not be imaged: one was located in the pancreatic body in a patient with esophagectomy and one in the pancreatic head in Billroth II. Three more technical failures were observed due to a very deep location of the lesions: two lesions located in the HOP in patients with Billroth II anatomy, and in one lesion in the tail of the pancreas in a patient with sleeve gastrectomy. [Table 4](#TB1823-4){ref-type="table"} reviews the EUS-guided interventions and their outcomes in our study population.

###### Endoscopic ultrasound-guided interventions and outcomes.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Intervention                      Lesion size (mm), mean ± SD   Lesions site, (N)   Type of surgery, (N)                                                Technical success, N (%)   Reasons for failure, (N)
  --------------------------------- ----------------------------- ------------------- ------------------------------------------------------------------- -------------------------- ----------------------------------------
  Tissue acquisition in SPLs (87)   26.3 ± 13.2                   Head (35)\          Billroth II (36)\                                                   68 (78.2)                  Failed visualization (14)\
                                                                  Body (36)\          Pancreaticoduodenectomy [1](#FN1823-9){ref-type="table-fn"} (18)\                              Too deep to be punctured (5)
                                                                  Tail (16)           Billroth I (10)\                                                                               
                                                                                      Esophagectomy [2](#FN1823-10){ref-type="table-fn"} (8)\                                        
                                                                                      Total gastrectomy (8)\                                                                         
                                                                                      Sleeve gastrectomy (4)\                                                                        
                                                                                      Roux-en-Y gastric bypass (3)                                                                   

  Cystic fluid aspiration (17)      32 ± 11.4                     Head (7)\           Billroth II (9)\                                                    12 (70.6)                  Failed visualization (2)\
                                                                  Body (8)\           Esophagectomy (2)\                                                                             Too deep to be punctured (3)
                                                                  Tail (2)            Billroth I (2)\                                                                                
                                                                                      Sleeve gastrectomy (2)\                                                                        
                                                                                      Total gastrectomy (1)\                                                                         
                                                                                      Roux-en-Y gastric bypass (1)                                                                   

  Fiducial placement in SPLs (3)    29.4 ± 0.6                    Head (1)\           Esophagectomy [2](#FN1823-10){ref-type="table-fn"} (1)\             2 (66.7)                   Impossible to penetrate the lesion (1)
                                                                  Body (2)            Pancreaticoduodenectomy [1](#FN1823-9){ref-type="table-fn"} (2)                                

  Lesion tattooing of SPL (1)       9                             Tail (1)            Billroth I (1)                                                      1 (100)                    NA
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SD, standard deviation; SPL, solid pancreatic lesion; NA, not applicable.

Including Whipple and pylorus-preserving pancreaticoduodenectomy.

Subtotal distal esophagectomy with gastric pull-up reconstruction *.*

EUS-related adverse events
--------------------------

Overall, we observed three AEs (1.2 %). Two were intraprocedural: one gastrointestinal bleeding after EUS-TA in a patient with Billroth I anatomy that was managed conservatively, and one cardiac arrest in a patient with esophagectomy that was successfully resuscitated. One post-procedural case of mild acute pancreatitis after EUS-TA in a patient with sleeve gastrectomy was also managed conservatively. Moreover, we observed one mucosal tear with exposure of the muscular layer at the level of the afferent limb in a patient with Billroth II anastomosis, which was managed endoscopically with the application of four clips, hospitalized for few days but without sequelae. Finally, according to the ASGE lexicon [@JR1823-10] , we observed three "incidents": two cases of post-procedural abdominal pain not requiring further interventions or prolongation of scheduled observation and one intraprocedural bleed that did not cause a significant drop of hemoglobin or require additional medical intervention.

Discussion
==========

In the current multicenter study, we aimed to evaluate the diagnostic performance and safety of biliopancreatic EUS in patients with surgically altered upper gastrointestinal anatomy. The primary outcome was identification of the target lesion or region that was satisfactorily imaged in 85 % of patients and missed in 15 %. Therefore, post-surgical upper gastrointestinal anatomy significantly affects the diagnostic yield of biliopancreatic EUS, which is known to have a negative predictive value close to 100 % in normal upper gastrointestinal anatomy [@JR1823-12] . However, we found that identification of the target lesion is strictly related to the type of surgery and the location of the lesion. Indeed, total gastrectomy, Roux-en-Y gastric bypass, and Billroth II surgery significantly affect the overall target visualization for lesions located in the HOP. This is in agreement with previous literature. In a large single-center study published in 2010, patients with previous Billroth II surgery had a success rate for HOP visualization of 74 % because of the difficult intubation of the afferent limb [@JR1823-5] . Similarly, in the same study, Roux-en-Y surgery negatively impacted pancreatic head visualization in the majority of patients [@JR1823-5] . Conversely, in our study, Billroth I and pancreaticoduodenectomy minimally impacted EUS performance, as previously reported [@JR1823-5] . Finally, unlike in past studies, we included 14 patients with sleeve gastrectomy, which is the most common bariatric surgery performed today and it is expected that endosonographers will have to deal with this condition more frequently in the future. Fortunately, this type of surgery does not seem to negatively impact biliopancreatic visualization, regardless of lesion location. However, in one case of a cystic lesion in a patient with sleeve gastrectomy, despite reportedly satisfactory visualization of the tail of the pancreas, EUS-FNA failed due to the very deep position of the lesion in the field of view.

In the current study, we also aimed to evaluate the rate of visualization of different pancreatic segments according to the type of surgery. The HOP was the most difficult region to image. In particular, we found that total gastrectomy is the surgically alteration that most negatively affects visualization of the pancreatic head, and in only one patient out of 15 who had undergone the surgery was visualization possible (approximately 7 %). As expected, the Billroth II and the Roux-en-Y gastric bypass postsurgical anatomies also significantly affected visualization of the pancreatic head. In our study, in such cases, imaging was possible in approximately 55 %, in substantial agreement with Wilson et al. [@JR1823-5] , who reported successful visualization in 49 % of cases, and with Topazian et al., who visualized the HOP in 10 out of 15 cases (66 %) with Billroth II anatomy. Interestingly, in our study, total gastrectomy and esophagectomy (in all cases subtotal distal esophagectomy with the stomach pulled-up into the thorax) had a significant impact on the visualization of the body and tail of the pancreas, which was obtained in only 70 % and 80 %, respectively. Other types of postsurgical anatomy did not result in a reduced possibility of visualization of the head, body or tail of the pancreas.

We also evaluated EUS-TA performance for diagnosis of solid pancreatic lesions. Technical success was overall significantly lower than in normal anatomy. Indeed, in 16 %, the target lesion was impossible to image and in another 6 % it could not be punctured. Moreover, 7 % of samples were inadequate for cytopathological interpretation. The overall accuracy was approximately 70 %, which is significantly lower than that obtained in normal anatomy, where it is reported to exceed 90 % [@JR1823-13] . Our results are slightly lower than those reported in a retrospective series of 25 patients where diagnostic accuracy was reported to be approximately 80 % [@JR1823-14] . However, it should be emphasized that we calculated EUS-TA performance in an intention-to-diagnose analysis, considering as false negative the cases of failed lesion visualization.

In our study, the overall rate of AEs was approximately 1.2 %. In all these cases, however, there was an indication for TA (2.6 % in EUS-TA). In one patient (0.4 %) with Billroth II gastrectomy, there was a risk of scope perforation while passing through the afferent limb. Fortunately, only a mucosal tear was observed and managed by clipping endoscopically. If we consider this case a perforation, the risk of perforation seems slightly higher in our group compared with that of standard diagnostic EUS, where it is reported to be about 0.02 % [@JR1823-15] . Therefore, we can state that overall, the procedure is safe, but a possible slightly higher risk of perforation compared with nonsurgical anatomy should be considered. However, when evaluating only patients who underwent EUS-FNA, the occurrence of perforation looks comparable (0.63 % in our study vs. 0.44 %--0.86 % in normal anatomy) [@JR1823-16] . Moreover, perforation during EUS in surgically altered anatomy seems less frequent compared with that reported during ERCP in Billroth II patients [@JR1823-17] , possibly because the echoendoscope does not have to reach the papilla for HOP and distal bile duct visualization. Moreover, during ERCP, unlike with EUS, the duodenoscope is pushed and maneuvered into the afferent limb for several minutes to maintain a position stable enough to perform cannulation and sphincterotomy. Finally, the oblique endoscopic view of echoendoscopes may facilitate afferent limb intubation better than do side-viewing duodenoscopes. Rates and severity of other AEs observed in our study (acute pancreatitis and bleeding) are similar to those reported during EUS in normal anatomy [@JR1823-14] .

We are aware that our study has several limitations, mainly related to its retrospective design. First, most of the collected information comes from EUS reports or electronic charts that had not been filled for the purposes of the study. This approach most likely overestimates technical success rates and underestimates AEs rates. Indeed, it is impossible to know how many EUS procedures were not performed because of altered anatomy, leading to a potential selection bias toward procedures that were estimated to be possible and were performed. Moreover, minor AEs may not have been reported in medical files. Also, some data were missing regarding visualization of pancreatic segments other than the target region, and some interpretations may have been biased. A prospective study could overcome this limitation but would require a lengthy enrollment period to achieve a relevant sample size. Second, the study inclusion period was relatively large (10 years). In the last decade, several technological improvements to echoendoscopes and EUS-TA devices and techniques have been made, thus our results may not be fully reproducible in the future. Third, although this study was the largest on this topic, the number of patients evaluated was small for some surgery types. For example, we identified a few patients with Roux-en-Y gastric bypass, and we don't know how many Roux-en-Y patients did not undergo EUS because it was deemed too difficult. Fourth, given the retrospective and multicentric design of this study, a different approach to pancreatic exploration and could have been adopted by other endosonographers based on the surgical interventions that had been performed.

Conclusion
==========

In conclusion, the diagnostic yield of biliopancreatic EUS in patients with prior surgically altered upper gastrointestinal anatomy is dependent on the location of the lesion and surgery type. Therefore, before considering EUS for pancreatic diseases in surgically altered anatomy, it is necessary to evaluate the pancreatic region to be studied according to the type of surgery.
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